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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A surface acoustic element characterized by providing at least one pair of INTADIJITARU 
transducers formed so that opposite engagement might be carried out mutually at this piezoelectric 
substrate and piezoelectric substrate top, and a thick film resistor formed so that between said 
INTADIJITARU transducers which carry out opposite engagement might be connected. 
[Claim 2] A surface acoustic element characterized by providing at least one pair of INTADIJITARU 
transducers mutually formed on a piezoelectric substrate and this piezoelectric substrate so that opposite 
engagement might be carried out, a thick film resistor formed on said piezoelectric substrate so that 
between said INTADIJITARU transducers which carry out opposite engagement might be connected, and a 
sound absorption object formed so that said thick film resistor might be covered on said piezoelectric 
substrate. 

[Claim 3] Said INTADIJITARU transducer side edge side of said thick film resistor is a surface acoustic 
element according to claim 1 to 2 characterized by having a travelling direction and an angle of said surface 
acoustic wave, and being formed so that said INTADIJITARU transducer may reflect a surface acoustic wave 
excited or received by said INTADIJITARU transducer in the different direction. 
[Claim 4] A surface acoustic element characterized by providing at least one pair of INTADIJITARU 
transducers formed so that opposite engagement might be carried out mutually at this piezoelectric 
substrate and piezoelectric substrate top, and a thin film resistor formed so that between said 
INTADIJITARU transducers which carry out opposite engagement might be connected. 

[Claim 5] Said thin film resistor is Ta~Si02. A surface acoustic element according to claim 4 characterized 
by forming. 

[Claim 6] said thin film resistor — Ta — 40-60-mol % — Ta-Si02 to contain A surface acoustic element 
according to claim 4 characterized by forming. 

[Claim 7] said thin film resistor — Nb-Si02 it is — a surface acoustic element according to claim 4 
characterized by things. 

[Claim 8] said thin film resistor — Nb — 40-60-mol % — Nb-Si02 to contain A surface acoustic element 
according to claim 4 characterized by forming. 

[Claim 9] A manufacture method of a surface acoustic element characterized by providing the following. A 
production process which forms a metal thin film on a piezoelectric wafer which consists of two or more 
chip fields In each chip field of this metal thin film, they are at least one pair of INTADIJITARU transducer 
patterns. A production process which carries out patterning of the connection pattern which connects 
between said INTADIJITARU transducer patterns so that said INTADIJITARU transducer pattern in each 
chip field and between an adjoining chip field may be mutually maintained at this potential A production 
process which forms a resistor which connects electrically between said INTADIJITARU transducer patterns 
by which patterning was carried out so that opposite engagement might be mutually carried out in each chip 
field, and a production process which cuts said wafer per chip after forming said resistor 
[Claim 10] A production process which forms said resistor is the manufacture method of a surface acoustic 
element according to claim 9 characterized by being based on a spatter. 

[Claim 1 1] A production process which forms said resistor is the manufacture method of a surface acoustic 
element according to claim 9 characterized by applying and forming a thick film resistor. 
[Claim 12] Said resistor is the manufacture method of a surface acoustic element according to claim 9 
characterized by being a thin film resistor. 

[Claim 13] Said resistor is Ta-Si02. Or Nb~Si02 A manufacture method of a surface acoustic element 
according to claim 9 characterized by being the formed thin film resistor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is concerned with the surface acoustic 
element which used the piezoelectric substrate, and its manufacture method, and relates to prevention of 
the electrostatic discharge of an INTADIJITARU transducer especially. 
[0002] 

[Description of the Prior Art] a piezoelectric substrate, for example, single crystal of lithium tantalate or 
lithium niobate, top — conductors, such as aluminum and an aluminium alloy, — the surface acoustic 
element which has the INTADIJITARU transducer (IDT) which is the I/O electrode of the sinking comb form 
formed with the metal is widely used as a transversal mold filter, a resonator mold filter, etc. in consumer 
appliances, such as an intermediate frequency circuit of television, and the 2nd intermediate frequency 
circuit of a satellite broadcasting service receiver, or the field of an information communication link. 
[0003] A surface acoustic wave transversal form filter is equipment for being again changed into an 
electrical signal, if a surface acoustic wave will be excited, a substrate top will be spread, if an electrical 
signal is impressed to an input-side sinking comb form electrode, and an output side electrode is reached, 
and acquiring the desired frequency characteristic. 

[0004] The amplitude characteristic and group delay frequency characteristics of arbitration can be mostly 
acquired by setting up suitably crossover width of face, the number of crossovers, etc. of an I/O sinking 
comb form electrode, and arranging on a piezoelectric substrate, especially being able to surface acoustic 
wave cover [ this ] it over a UHF band from a VHF band. 

[0005] The configuration and the manufacture method of such surface acoustic wave equipment are 
explained. 

[0006] Drawing 6 and drawing 7 are drawings showing the manufacture method of surface acoustic wave 
equipment roughly, the whole surface of the wafer 601 which consists of piezoelectric materials, such as 
lithium tantalate or a lithium niobate single crystal, — conductors, such as aluminum or an aluminium alloy, 
— metal layer 601b is formed by vacuum deposition, a spatter, etc. ( drawing 6 (a)). 

[0007] Subsequently, the bonding pad 604 for connecting the external electrode terminal of an envelope witr 
the bus bar 603 which design, carries out and tells the tooth form electrode 602 and an electrical signal so 
that the electrical characteristics of arbitration may be acquired is formed according to photograph exposure 
and an etching production process ( drawing 6 (b)). As for this production process, it is common to form the 
pattern corresponding to two or more surface acoustic elements on a wafer 601, and it cuts it for each chip 
according to a next dicing production process. Spring materials, such as for example, silicone system resin 
which is the sound absorption object 605 for preventing deterioration of the property by the reflected wave 
from the chip end face formed of cutting at a dicing production process, epoxy system resin, or varnish 
system resin, are applied after pattern formation. Drawing 6 (c) shows the surface acoustic element 606 cut 
for every chip. 

[0008] Die mounting of the surface acoustic element 606 separated into the chip condition from the wafer 
according to the dicing production process is carried out at an envelope 607, and the external electrode 
terminal 609 and bonding pad 604 of an envelope 607 are electrically connected by the bonding wire 608 etc 
( drawing 7 (a)). And in order to intercept with the open air, it closes with covering 610 ( drawing 7 (b)). 
[0009] Drawing 8 is drawing of the structure of the surface acoustic element manufactured according to the 
above production process showing one example roughly. 

[0010] However, since piezoelectric also has pyroelectricity, of course, the piezoelectric substrate of a 
surface acoustic element accumulates a charge in the electrode formed on the piezoelectric substrate of 
thermal change and friction of a manufacturing process. Moreover, there is also electrification of the 
electrode by static electricity. 

[001 1] The electrode which accumulates a charge has the sinking comb mold structure which carries out 
phase opposite, and it is tended increasingly and to make this sinking comb form electrode detailed. For 
example, it depends for the crossover period of a sinking comb form electrode on the velocity of propagation 
of the surface acoustic wave mostly determined by the piezoelectric substrate, and the frequency band to 
be used. That is, if the frequency to be used becomes high, the crossover period of a radial fin type 
electrode will become narrower. In other words, the crevice between sinking comb form inter-electrode 
which carries out phase opposite, i.e., a pitch, becomes narrow, and it has even some which have the pitch 
of 1 micrometer or less in a number - 10 micrometers of numbers, and a UHF band with the VHF band 
conventionally applied in a surface acoustic element. 
[0012] There were the following problems from these things. 
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[0013] Although first prepared like various heat processes in the piezoelectric wafer-like substrate in the 
manufacturing process of a surface acoustic element, a charge is accumulated in a sinking comb form 
electrode by the above-mentioned pyroelectricity with this heat, and the potential difference arises between 
the sinking comb form electrodes of another side which carries out opposite engagement mutually. Since a 
radial fin type inter-electrode pitch is above very narrow, it results in discharge depending on the potential 
difference, and has the problem of causing fusion of a sinking comb form electrode. 

[0014] Also with static electricity, though natural, even if the same phenomenon happens and it **** it at ar 
after production process as it is, it will become poor at the final-inspection production process, and will 
cause the fall of a yield. 

[0015] Moreover, distortion of a crystal occurs by piezoelectric [ of itself ], the problem which carries out a 
crack is in a piezoelectric substrate, and a serious failure for a next production process is done. That is, the 
danger of an electrostatic discharge occurs from the moment of forming a sinking comb form electrode on a 
wafer. In the case of which, it becomes loss in a manufacture phase and increase of cost is caused. 
[0016] It went away in the state of these wafers, and the following proposals were made by the problem of 
the electrostatic discharge of a tooth form electrode. That is, while short-circuiting the sinking comb form 
electrode which carries out opposite engagement, it is the method of forming the path short-circuited also 
with the electrode formed in the adjoining chip field. _ 
[0017] For example, in JP,5-59609,B, it is proposed about the resistance link which short-circuits in DC the 
sinking comb form electrode with which a sinking comb form electrode each counters the I/O sinking comb 
form electrode of a surface acoustic wave filter using the same electrode material as the electrode material 
which forms a sinking comb form electrode. 

[0018] Since a problem occurs from the moment of forming a radial fin type electrode as mentioned above, 
as for the short circuit path, it is desirable to be formed before formation of a radial fin type electrode or in 
coincidence. According to a short circuit path, the sinking comb form electrodes formed in each chip field or 
the surface of a wafer serve as [ no ] this potential, and discharge is produced. 

[0019] And this short circuit path is cut at a next dicing production process, and does not affect the 
property of a surface acoustic element. 

[0020] This short circuit path is effective also about the problem of the crack of a wafer, and the proposal 
of obtaining that effect with forming a metal membrane all over the rear face of a wafer further further is 
also made. 

[0021] For example, in JP,3-29407 t A, forming the resistance pattern or inductance pattern which 
short-circuits the electrode with which a sinking comb form electrode counters using the chromium material 
which exists between the electrode materials and the piezo-electric substrates which form a sinking comb 
form electrode in a surface acoustic wave filter is proposed. 

[0022] However, the surface acoustic element pattern which form on a wafer, carries out and contains a 
tooth form electrode must be cut for each chip. Therefore, a sinking comb form electrode is again exposed 
to the crisis of destruction from this moment. Although the short circuit path formed on the wafer is 
altogether cut at this production process, it is because the electrostatic discharge of a sinking comb form 
electrode may arise if a sinking comb form electrode is again charged during cutting or after cutting. 
[0023] Even if it forms a metal in the rear face of a wafer, the after [ cutting ] foil is carried out and there is 
no effect over the electrostatic discharge of a tooth form electrode. 

[0024] Moreover, it does not become solution of the electrostatic-discharge problem of a sinking comb form 
electrode that there is an opportunity for after a cutting production process to require a thermal load and a 
pressure load for piezoelectric substrates, such as a heat production process and a mounting production 
process, and static electricity is charged from a manufacturing installation or an operator etc. only in the 
short circuit path formed on the wafer. 

[0025] That is, by the proposal mentioned above, the surface acoustic element has a possibility of always 
being destroyed by the are recording of a charge by heat fluctuation, or electrification by static electricity, ir 
the cutting production process or subsequent ones. The following proposals are made to this problem. 
Forming a resistance pattern on a piezoelectric substrate is proposed by JP,5~59609,B and JP,3-29407,B. 
The surface acoustic element by these proposals abolishes the potential difference produced in the charge 
with the resistance pattern, i.e., it removes a charge from a radial fin type electrode through a resistance 
pattern. This resistance pattern is the same metallic material as a radial fin type electrode, and is connected 
to an I/O electrode and juxtaposition. Moreover, this resistance pattern is formed simultaneous in sinking 
comb form electrode formation before. 

[0026] According to these proposals, when the impedance of a sinking comb form electrode is taken into 
consideration, this resistance pattern that works as a discharge circuit needs the resistance of about 1 000 
ohms. It is said that the numeric value of about 1000ohms is used as this resistance. It is a second unit that 
an electrostatic load joins a surface acoustic element with a thermal load, therefore this is because 
selection of the resistance for setting the time constant of a resistance link below to a second unit is 
needed. And this resistance pattern is formed with the same metallic material as a sinking comb form 
electrode, i.e., aluminum, and an aluminium alloy. 

[0027] However, aluminum or an aluminium alloy must make an about several micrometers thin long pattern, 
in order to acquire the resistance which is about 1000 ohms since conductivity is very high. For this reason, 
there is a problem of being easy to disconnect with heat and a pressure load, static electricity, etc. in the 
defect in a pattern formation production process and a subsequent production process. 
[0028] the electrostatic load generated in an etching process when such a resistance pattern is formed 
using a material with high conductivity like aluminum — or although it is effective about the electrostatic 
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load by the pyroelectricity of the piezo-electric substrate generated with the thermal load from the outside, 
since voltage is high, to the load added to a surface acoustic element from the outside, for example, the 
electrostatic load in the mounting production process to the circuit board of a surface acoustic element, the 
effect of electrostatic-discharge prevention is thin 

[0029] The surface acoustic wave filter with which the resistance pattern which actually short-circuits 
sinking comb form inter-electrode was formed Use the lithium niobate single crystal of Y-axis cut X-axis 
propagation for a piezoelectric substrate material, and set it as the center frequency of 480MHz, and the 
pass band width of 27MHz, and the resistance of a resistance pattern is set as about 1kohm. If an 
electrostatic compressive test is carried out on 0 ohm of load resistance, and the conditions of 200pF of 
load-carrying capacity, about 200V will have pressure-proofing and the engine performance will go up it 
compared with about [ in case there is no resistance pattern ] 1 00V. 

[0030] However, it is easy to disconnect the resistance pattern which consists of a material with such [ as 
mentioned above ] high conductivity very thinly. And the resistance pattern disconnected once does not 
maintain the effect after it. 

[0031] Moreover, after setting up is finished as a surface acoustic element, it is exposed to electrostatic 
field like the proposal described previously, and there is a problem that a charge is accumulated with 
electrification or heat. 

[0032] Even if there is no defect in a PATA 1 N formation production process and it ends a manufacturing 
process favorably, there is a problem described below. 

[0033] Although the electrified charge flows to a gland (touch-down potential) through a resistance pattern, 
since a resistance pattern has the resistance of about 1000 ohms, naturally it produces the Joule's heat as 
mentioned above, the Joule's heat generated in connection with this although the current which flows a 
resistance pattern becomes large so that there are many charged amounts of charges — high — becoming 
— just — being alike — a resistance pattern is dissolved and disconnected. That is, when a resistance 
pattern is formed with a material with the high conductivity which is the same material as a sinking comb 
form electrode, also in case the electrified charge is poured to a gland, there is a problem of being very easy 
to produce an open circuit. The thing in which a resistance pattern is disconnected and for which it solves 
and a tooth form inter-electrode charge is missed becomes impossible with 2 times. 

[0034] JP,4-35312,A is proposed to the above trouble. By this proposal, the spring material which carried 
out the compound of the conductive particles, such as carbon black, to silicone rubber in order to 
short-circuit the sinking comb form electrode in which a surface acoustic element carries out opposite 
engagement electrostatic is used. 

[0035] Generally as the manufacture method of the resistance pattern using a spring material, screen 
printing, the stamping method, or DISUPENSUINGU is common. However, the problem of being easy to 
produce big dispersion is in the amount of the spring material printed or applied by any method. 
[0036] When manufacturing a resistance pattern using a spring material, there is a problem that the area or 
thickness of a resistance pattern tends to vary. For example, although the thickness of a resistance pattern 
is strictly manageable with screen-stencil technology, the management about area is difficult. Although it is 
necessary to form a length of 0.5mm, and an about [ width-of-face 0.1mm ] resistance pattern when a 
resistance pattern is actually formed on a device in a surface acoustic wave filter with an above-mentioned 
center frequency of 480MHz, there is whose problem after printing of a spring material, and it is in the 
orientation for an electrical conducting material to flag like lithium niobate under the effect of the charge 
which separates on the piezo-electric substrate in the sintering production process of a spring material 
especially in the case of the high material of pyroelectricity. As for dispersion and this, the area of the spring 
material after being sintered as a result serves as dispersion in the resistance of a resistance pattern itself. 
[0037] In stamping technology, management of area is difficult similarly. Although the amount of spreading is 
furthermore manageable with DISUPENSUINGU technology, about the area and thickness after sintering of a 
spring material, there is a problem that management is difficult and serves as dispersion in the resistance of 
the resistance pattern to form. 

[0038] Thus, although the method of short-circuiting the sinking comb form electrode which prevents 
destruction of the sinking comb form electrode by the electrostatic load and which counters as a plan was 
proposed variously, any proposal had a problem in the endurance and manufacture dispersion. 
[0039] 

[Problem(s) to be Solved by the Invention] This invention is made in order to solve such a trouble. Namely, it 
aims at offering the manufacture method of a reliable surface acoustic element strong against loads, such as 
heat, a pressure, and static electricity, and a surface acoustic element through manufacture and a mounting 
production process. 

[0040] Moreover, thickness and the property of this invention are uniform, and it excels in endurance, has 
few resistance patterns of manufacture dispersion, and aims at offering the manufacture method of of the 
surface acoustic element high [ both ] and surface acoustic element of reliability and productivity. 
[0041] 

[Means for Solving the Problem] A surface acoustic element of this invention is characterized by providing 
at least one pair of INTADIJITARU transducers formed so that opposite engagement might be carried out 
mutually at this piezoelectric substrate and piezoelectric substrate top, and a thick film resistor formed so 
that between INTADIJITARU transducers which carry out opposite engagement might be connected. 
[0042] Moreover, a surface acoustic element of this invention is characterized by providing at least one pair 
of INTADIJITARU transducers mutually formed on a piezoelectric substrate and this piezoelectric substrate 
so that opposite engagement might be carried out. a thick film resistor formed on a piezoelectric substrate 
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so that between INTADIJITARU transducers which carry out opposite engagement might be connected, and 
a sound absorption object formed so that a thick film resistor might be covered on a piezoelectric substrate. 

[0043] It has an angle and you may make it form an end face by the side of an INTADIJITARU transducer of 
a thick film resistor to the propagation direction of a surface acoustic wave excited or received by 
INTADIJITARU transducer, so that the reflected wave may not reach an INTADIJITARU transducer. 
[0044] Furthermore, you may make it form an INTADIJITARU transducer side edge side of a thick film 
resistor in a curved surface configuration to the propagation direction of a surface acoustic wave excited or 
received by INTADIJITARU transducer, so that the reflected wave may not reach an INTADIJITARU 
transducer. 

[0045] Moreover, a surface acoustic element of this invention is characterized by providing at least one pair 
of INTADIJITARU transducers formed so that opposite engagement might be carried out mutually at this 
piezoelectric substrate and piezoelectric substrate top, and a thin film resistor formed so that between this 
INTADIJITARU transducer that carries out opposite engagement might be connected. 
[0046] a thin film resistor — Ta-Si02 forming — you may make — moreover, Ta — 40-60-mol % — 
Ta-Si02 to contain You may make it form. 

[0047] a thin film resistor — Nb-Si02 forming — you may make — moreover, Nb — 40-60-mol % — 
Nb-Si02 to contain You may make it form. 

[0048] Moreover, a manufacture method of a surface acoustic element of this invention A production 
process which forms a metal thin film on a piezoelectric wafer which consists of two or more chip fields, In 
each chip field of this metal thin film, at least one pair of INTADIJITARU transducer patterns A production 
process which leaves and carries out patterning of the connection pattern with which an INTADIJITARU 
transducer pattern in an adjoining chip field and between a chip field is mutually maintained by this potential, 
It is characterized by having a production process which forms a resistor so that between INTADIJITARU 
transducer patterns of each set by which patterning was carried out so that opposite engagement might be 
mutually carried out in each chip field may be connected, and a production process which cuts a wafer per 
chip after forming a resistor. 

[0049] You may make it form a production process which forms a resistor by spatter. Moreover, a thick film 
resistor is applied and you may make it form. 

[0050] as the resistor which connects an INTADIJITARU transducer — for example, Ta-Si02 Or Nb-Si02 
etc. — from — you may make it form a becoming thin film resistor 

[0051] Namely, as for a connection pattern which short-circuits an INTADIJITARU transducer in a chip field 
formed in an INTADIJITARU transducer and coincidence, and between a chip field, a surface acoustic 
element of this invention connects independently an INTADIJITARU transducer by which opposite 
arrangement is carried out on a piezoelectric substrate by resistor. 

[0052] Are recording with uneven surface acoustic element of a charge which a ctenidium-like electrode hai 
this potential according to a short circuit path in a formation phase, and originates in pyroelectricity of ** 
does not take place to this invention. Uneven electrification of static electricity of the from else does not 
take place, either. 

[0053] Also after a connection pattern which formed in a sinking comb form electrode and coincidence a 
sinking comb form electrode which furthermore carries out opposite engagement loses a short circuit path 
in a case where a thermal load just with a connection pattern inadequate [ preventing an electrostatic 
discharge ] since a thick film resistor connects independently, and a pressure load are applied, and a next 
cutting production process, generating of an electrostatic discharge is prevented. 
[0054] Although a resistance pattern formed with aluminum or its alloy has a possibility of dissolving 
according to current, most destruction by overcurrent stops being able to happen easily by forming by 
resistor. 

[0055] What is necessary is just to make it design if needed, since width of face of a resistor and length are 
determined by resistivity and coating thickness of a resistor here. 

[0056] If only a spring material applied on it absorbs a surface wave, since it is good, as for a viewpoint of 
reliability to area, it is on the other hand, desirable to make it small. 

[0057] Moreover, when an edge of a spring material and an edge of a resistor approach, for example and a 
gap is in a resistor and a spring material spreading location, it will have a bad influence on the property of a 
surface acoustic element. As compared with the core, since it is thin, an edge of a spring material has [ this 
] the low sound absorption effect, and a surface wave is for reaching a resistor, without decreasing, 
re-exciting a sinking comb form electrode as a reflected wave, and generating distortion in a band. 
[0058] Therefore, an end face which a surface wave of a resistor hits is not perpendicular, and you may 
make it form it in a slanting configuration or a curved surface configuration to the propagation direction of a 
surface wave so that a reflected wave may be reflected in the different direction from an INTADIJITARU 
transducer. 

[0059] Moreover, although a manufacture method of a surface acoustic element of this invention forms a 
pattern which constitutes a surface acoustic element which contains an INTADIJITARU transducer, 
respectively to two or more chip fields on a piezoelectric substrate, it cuts after that and it dissociates for 
every chip A production process which forms a metal thin film on a piezoelectric wafer which consists of 
two or more chip fields in that case. In each chip field of this metal thin film, at least one pair of 
INTADIJITARU transducer patterns A production process which leaves and carries out patterning of the 
connection pattern which connects between INTADIJITARU transducer patterns so that an INTADIJITARU 
transducer pattern in each chip field and between an adjoining chip field may be mutually maintained by this 
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potential, A production process which forms a resistor so that between INTADIJITARU transducer patterns 
of each set by which patterning was carried out so that opposite engagement might be mutually carried out 
in each chip field may be connected, After forming a resistor, it is the manufacture method characterized by 
having a production process which cuts a wafer per chip. 

[0060] Metal membranes, such as aluminum or an aluminium alloy, are first deposited in a spatter etc. on a 
piezoelectric substrate. 

[0061] Subsequently, patterning is carried out to a pattern which constitutes a surface acoustic element 
which contains this metal membrane for an INTADIJITARU transducer, a bus bar, the bonding pad section, 
etc. 

[0062] Under the present circumstances, a short circuit pattern connected so that an INTADIJITARU 
transducer formed in an INTADIJITARU transducer and an adjoining chip field which are formed in each chip 
field may be mutually maintained at this potential is also formed in coincidence. 

[0063] And a resistance film which connects between an INTADIJITARU transducer pair formed in each chip 
field is formed. It is because it will be cut in case it is easy to disconnect a short circuit pattern by which 
patterning was carried out to an INTADIJITARU transducer in which this is formed with aluminum or an 
aluminium alloy, and coincidence and cuts for every chip, so future functions are lost. Furthermore, a short 
circuit pattern by resistance film offers a bigger electrostatic-discharge prevention means to a big pressure 
load, a thermal load, etc. which are applied for example, at the time of cutting etc. 

[0064] Moreover, for example by a bonding wire etc., although a big pressure load is applied also in case it 
connects with external circuits, such as an envelope, it functions as an electrostatic-discharge prevention 
means of an effective INTADIJITARU transducer also in this case. 

[0065] As for formation of a resistor which was mentioned above, it is desirable to form in as early a phase 
as possible after pattern formation containing an INTADIJITARU transducer. 

[0066] When forming a thin film resistor, a resist is formed on a wafer in which a pattern of for example, an 
INTADIJITARU transducer was formed, and you may make it form by a spatter etc. by using this resist asa 
mask. You may make it patterning of a resist use the photolithography method. 

[0067] When forming a thick film resistor, you may make it apply by screen-stencil etc. Moreover, patterning 
of the resist was formed and turned up like the time of thin film resistor formation, a resistor is applied, a 
resist is removed, and you may make it form. In a manufacture method of a surface acoustic element by this 
invention, a ctenidium-like electrode has this potential according to a short circuit path in a formation phase 
and uneven are recording of a charge resulting from pyroelectricity does not take place. Uneven 
electrification of static electricity of the from else does not take place, either. 

[0068] Since a connection pattern which formed in a sinking comb form electrode and coincidence a sinking 
comb form electrode which furthermore carries out opposite engagement is independently connected by 
thick film resistor, an electrostatic discharge does not happen, also after losing a short circuit path in a next 
cutting production process. 
[0069] 

[Embodiment of the Invention] With reference to a drawing, the example of this invention is explained below. 
[0070] Drawing 1 is drawing showing roughly the surface acoustic element which constitutes the surface 
acoustic element (chip) of this invention. 

[0071] This surface acoustic element 101 equips the input side and the output side with one pair of 
INTADIJITARU transducers 102a and 102b as an INTADIJITARU transducer 102, respectively. 103 is a bus 
bar. 

[0072] the surface acoustic elements 101b, 101c, 1 01 d, and 101e separated at the dicing production 
process in order to show relation with the chip which adjoined in the state of the wafer — the — the part is 
illustrated. 

[0073] In the state of the wafer, the connection pattern 1 04 is formed so that an INTADIJITARU transducer 
may be maintained at this potential between chips within a chip. Being easy to disconnect this connection 
pattern 104, as mentioned above, after a dicing production process loses that effect. 

[0074] The surface acoustic element 101 of this invention is equipped with the resistor 105 which connects 
between the INTADIJITARU transducers 102 which counter. For this reason, even if big heat and pressure 
load are applied to piezoelectric substrates, such as a dicing production process and a mounting production 
process, the electrostatic discharge of the INTADIJITARU transducer 1 02 can be prevented. 
[0075] That is, in the INTADIJITARU transducer which carries out phase opposite, in front of the cutting 
production process of a wafer, an electrostatic discharge does not happen with this potential by the 
connection pattern 104 and the resistor 105. 

[0076] Moreover, before cutting from a wafer to a chip, even if it is cut by the open circuit by the 
overcurrent, or the dicing production process by forming a resistor 1 05, an electrostatic discharge does not 
happen. 

[0077] What is necessary is just to apply the high spring material 106 of the sound absorption effect so that 
a thick film resistor may be covered since there is no sound absorption effect in a thick film resistor in 
forming a thick film resistor as a resistor 105. 

[0078] Moreover, the configuration of the resistor to form is a thing in consideration of a gap of the 
spreading location of a spring material. That is, as shown in drawing 2 , when a gap arises in the spreading 
location of a resistor 105 and a spring material 106 and reflection of a surface wave takes place at the edge 
of a resistor, deterioration of the property of a surface acoustic element will be caused. 

[0079] The surface acoustic element of this invention has adopted an end-face configuration which reflects 
a reflected wave in the different direction from an INTADIJITARU transducer (refer to drawing 3 ). 
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[0080] Thus, if it has the configuration which has an angle so much in the propagation direction of a surface 
wave, the reflected wave of a surface wave will not reach a sinking comb form electrode, and aggravation of 
a surface acoustic element property will not arise. 

[0081] Drawing 3 is the example of the end-face configuration of the resistor for reducing the bad influence 
of a reflected wave. 

[0082] A concave configuration and (c) may be formed in the Marume configuration, and you may make it the 
end-face configuration of a resistor form [ (a) ] (d) for a convex configuration and (b) in the shape of a wave 
to the direction which a surface wave spreads. As mentioned above in any case, property deterioration of 
the surface acoustic element by the reflected wave is prevented. 

[0083] The case where a thin film resistor is formed next as a resistor which connects between 
INTADIJITARU transducers is explained. 

[0084] Drawing 4 is another drawing of the surface acoustic element of this invention showing one example 
roughly. 

[0085] On the piezoelectric substrate 401, the thin film resistor 405 for short-circuiting the screening 
electrode 403 for canceling induction between output side INTADIJITARU transducer 402b for changing 
input-side INTADIJITARU transducer 402a for changing an electrical signal into a surface acoustic wave as 
an INTADIJITARU transducer 402 and a surface acoustic wave into an electrical signal and an I/O 
INTADIJITARU transducer, acoustic material 404, and the INTADIJITARU transducer 402 arranged by 
carrying out opposite engagement electrostatic is formed. 

[0086] the material of a thin film resistor 405 — Ta-Si02 Nb-Si02 etc. — what is necessary is to carry out 
mixed sintering and just to make it use by the suitable mole ratio 

[0087] general — Ta-Si02 etc. — the thin film resistor material is used also as a print head of a 
sensible-heat printer, and these electrical resistance materials can realize specific resistance of 15m 
ohm-cm degree by choosing sputtering conditions. Moreover, the thin film resistor of 1k-10kohm can be 
created by choosing film pressure or area. 

[0088] As mentioned above, in order to prevent the electrostatic discharge of the INTADIJITARU 
transducer by electrostatic pressure-proofing, as for the resistance of the resistor which short-circuits 
between INTADIJITARU transducers, it is desirable to choose it from the relation between the time 
constant, the impedance of a circumference circuit, etc. as more than 1kohm and less than [ lOOOGohm ]. 
[0089] Therefore, you may make it set the resistance of the resistor to form as 1k-10kohm. 
[0090] Moreover, if it is going to acquire the same resistance by the resistance link formed with the material 
with high conductivity, such as aluminum, it will become a thin long pattern inevitably, and an electrode will 
melt easily. Although there is endurance in isolation of the electrostatic load generated in an etching 
process, or the charge by the pyroelectricity in the mounting production process of a surface acoustic wave 
device generated, for example at temperature load production processes, such as a solder reflow, it will 
disconnect without endurance being lacking from a dicing production process or an external circuit to the 
load of the high voltage by which a load is carried out. 

[0091] on the other hand, when it excels in endurance more when the resistance pattern by the thin film 
resistor is provided in the surface acoustic element of this invention, for example, an electrostatic 
compressive test is carried out, compared with the resistance pattern of aluminum, it is markedly alike, and 
endurance is high. 



[0092] 
[A table 1] 










1 K 


1DD Jaj: 




1 K 


-36 




1 K 


-48 




1 K 


-6 




2K 


-6 



12XV (JtJtaaiRB ) * mBWimolStimb* 



The pulse-proof nature at the time of using various electrical resistance materials for a table 1, and forming 
a resistor is shown. The rate of change of the resistance after impressing 12kV and the pulse of 1ms of 
pulse width 100 times is shown. It turns out that the endurance over the pulse of Bi2 Ru2 07-glass and Pb2 
Ru2 06-glass is excellent. 
[0093] 
[A table 2] 
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A table 3] 
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2 0 


20 


3K 
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20 
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20 


25 
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20 
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1 K 


20 


40 
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20 
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20 
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A table 2 and a table 3 are Ru02. By the electrical resistance materials of a system, it is Ru02. A content 
and thickness are changed and the resistance which formed the resistor and was acquired is shown. A table 
2 and a table 3 are Pb2 Ru 206. It has, and it is and the resistor is formed. Moreover, the magnitude of a 
resistor is 0.2x0. 8mm. In thickness 1 regularity, it is Ru02. When a content becomes large, it turns out that 
resistance becomes small. Moreover, Ru02 When a content is fixed, and thickness becomes large, it turns 
out that resistance becomes small. Thus, by adjusting the presentation or thickness of a resistor to form, 
resistance fluctuation can be made small and the resistance acquired can be enlarged. 

[0094] Drawing 5 is drawing showing the difference in the electrostatic pressure-proofing by the difference 
between the existence of a resistance pattern, and a resistance pattern. Also when loss becomes large 
about 100V when a resistance pattern is not formed, and a resistance pattern is formed with an aluminum 
thin film, loss becomes large quickly about 200-300V. On the other hand, when a resistance pattern is 
formed by the thick film resistor like the surface acoustic element of this invention, it turns out that the 
property stabilized also to the voltage exceeding 1000V is shown. 

[0095] When a resistance pattern is furthermore formed by the thin film resistor, management of area or 
thickness is more easy. 

[0096] You may make it use sputtering as the formation method of a thin film resistor. A resist is applied 
anew, and after only the part which gives a thin film resistor removes a resist, you may make it form in a 
lift-off process after formation of an electrode pattern like the case where the usual surface acoustic 
element is manufactured. 

[0097] Management of area is easy. For example, when forming a resistance pattern with an area [ of 
0.5x0.1 mm ], and a thickness of 0.1 micrometers in a lift-off process, the dimensional accuracy of the long 
side of area and the direction of a shorter side can be formed within about 1%, and this is reflected in the 
numerical precision of resistance as it is. 

[0098] Moreover, about thickness, if for example, the sputtering method is adopted as manufacture of a 
resistor, it is easily manageable by stopping a spatter rate low. For example, 0.002micrometers /, then 
spatter time amount become 50 seconds a second about a spatter rate forming a thin film resistor with an 
above-mentioned thickness of 0.1 micrometers, and dispersion in thickness can be mitigated. ****** is also 
good so that a spatter rate may be raised, of course and spatter time amount may be shortened, but since 
dispersion by time amount becomes large, cautions are required. 

[0099] Moreover, it is also easy to change resistance in the size range of the limited thin film resistor 
pattern. Ta-Si02 Nb~Si02 etc. — in the case of the thin film resistor pattern made from, resistivity is 
changeable by examining the mixed mole ratio. 

[0100] For example, Ta-Si02 When a mole ratio is set up with Ta(47%)-Si02 (53%), the resistivity obtained 
becomes about 1 5mohm, and is easy handling. 

[0101] What is necessary is just to raise the mole ratio of Ta that what is necessary is just to make it lower 
the mole ratio of Ta in making resistivity high, in making resistivity low. 
[0102] Nb-Si02 It is also the same as when using as a resistor material. 

[0103] These electrical resistance materials have the single crystal which is a piezoelectric substrate 
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material, and good association with aluminum. 

[0104] Si02 It is, when a problem is looked at by thermal resistance — oxidation progresses rapidly above 
300 degrees C when electric connection with a resistance film is made using aluminum wiring, while 
vapor-depositing by the sputtering method on a system substrate etc.. 

[0105] In such a case, it is Si02 in order to prevent membranous oxidation. You may make it vapor-deposit a 
film as a protective coat further. 

[0106] In the case of a surface acoustic element, it is possible to become an elevated temperature at 
mounting production processes, such as a solder reflow, but in addition to such a production process, there 
is little risk of being exposed to the elevated temperature exceeding 300 degrees C, and it hardly generates 
heat, so that the thin film resistor itself exceeds 300 degrees C. Therefore, you may make it form a 
protective coat if needed. 

[0107] The center frequency of 480MHz, the pass band width of 27MHz, and a piezo-electric substrate 
material made the surface acoustic wave filter of Y-axis cut X-axis propagation lithium niobate as an 
experiment by 0.5mm of opening length using the configuration of the surface acoustic element of this 
invention illustrated to drawing 4 . 

[0108] The thin film resistor was vapor-deposited and formed by the sputtering method using Ta(47%)-Si02 
(53%). The size of a thin film resistor set thickness t of 0.1mm and a thin film to 0.15 micrometers in the 
propagation direction w of 0.5mm and a surface acoustic wave in the direction d of opening length. 
[0109] In this case, the resistance R between the bus bars which have connected each INTADIJITARU 
transducer is expressed by the following formula, when resistivity is set to rho. 

[01 10] As R=rho-d / (t-w) a =1kohm size, the most effective size was chosen to 480MHz surface acoustic 
wave filter equipment. The numeric value near the minimum as resistance is acquired. 
[01 1 1] When resistance needs to be raised from matching with the impedance of a circumference circuit, 
what is necessary is just made to make small the size t of the thin film resistor about the propagation 
direction of a surface acoustic wave. 

[01 12] When a sputtering target is fixed, the resistivity of a thin film resistor will be fixed as a result. 
Moreover, adjustment of the opening length of a surface acoustic element is anxious about the effect on an 
insertion loss. 

[01 13] Therefore, it is more efficient to adjust with a size w rather than it adjusts resistance with the size d 
of a mole ratio and the direction of opening length. 

[01 14] Although a prototype was built by t= 0.1mm and 1kohm was obtained in the surface acoustic element 
illustrated to drawing 4 , t= 0.02mm, then 5kohm can be obtained, for example. 

[01 15] When the thin film resistor of the surface acoustic element of this invention is constituted from a 
sputtering method of a lift-off process and it constitutes thickness (t) from 0.15 micrometers, the minimum 
threshold value of w is set to about 0.001mm, therefore resistance becomes about 100kohm. Setting up 
resistance thickness small furthermore, 0.05 micrometers, then resistance can be raised to about 300kohm, 
and this is a value big enough. 

[01 16] As a mixed mole ratio of a thin film resistor material, they are Ta-Si02 and Nb-Si02. It is desirable tc 
choose Ta or Nb in about 40 - 60% of range in any case. The resistivity obtained when a mole ratio is set up 
to about 40% is 200m ohm-cm degree, and even when the size d of the direction of opening length has a 
limit, it can acquire big resistance. 

[01 17] Moreover, the resistivity obtained when a mole ratio is set up to about 60% is 50m ohm-cm degree, 
and especially when small resistance can be acquired and surface acoustic element sizes, such as TV, a 
surface acoustic wave filter for the image intermediate frequencies of VCR, a VSB filter, or a convolver, 
become large, without making small the size d of the direction of opening length, it is effective. 
[01 18] By connecting an INTADIJITARU transducer by the thin film resistor, it takes compared with the 
case where a resistance pattern is formed by aluminum, and electrostatic high pressure-proofing is obtained 

[01 19] The electrostatic pressure-proofing obtained by the difference between the resistance pattern 
existence which connects between the INTADIJITARU transducers by which opposite arrangement was 
carried out about the surface acoustic element which constitutes the 480MHz surface acoustic wave filter 
which carried out the same configuration as drawing 4 , and the quality of the material was investigated. 
[0120] Although deterioration began from DC=100V when examining on 200pF of load-carrying capacity, and 
the EIAJ-STD conditions of 0 ohm of load resistance, and there was no resistance pattern, in what gave the 
resistance pattern of aluminum, it turned out that about DC=250V has pressure-proofing. 
[0121] When the thin film resistor which furthermore constitutes the surface acoustic element of this 
invention was used, deterioration did not start to about 700V and electrostatic, very high pressure 
resistance was acquired. 

[0122] When applying the surface acoustic element of this invention to the surface acoustic wave filter for 
intermediate frequencies of TV (for example, when using the lithium niobate of 128-degree Y-axis cut 
X-axis propagation as a piezoelectric substrate), with the surface acoustic wave filter for NTSC-USA, the 
width of face of a surface acoustic element is set to about 2mm. 

[0123] In this case, since it is set to t= 0.15 micrometers and d= 1.3mm when it is going to create the 
resistance pattern it becomes same from a thin film resistor mentioning above, about [ Ikohm ] resistance 
can be acquired like the case of w= 0.26mm, then 480MHz. 

[0124] Even when applying the surface acoustic element of this invention to a surface acoustic wave 
convolver, when d becomes large, equivalent resistance is acquired from the balance of an electrode layout 
by setting up w widely according to it. Though natural, what is necessary is just made to make w small to 
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take large resistance. 

[0125] There is no additional coverage in surface acoustic element size, and when element area cannot be 
assigned because of a resistance pattern, you may make it form a resistance pattern in the bottom of 
acoustic material. 

[0126] For example, after creating a resistance pattern in a lift-off process as above-mentioned, you may 
make it form acoustic material with screen-stencil technology. 

[0127] In this case, Ta-Si02 Nb~Si02 It receives, and is uninfluential and especially resistance does not 
change. Moreover, since the current itself which flows to a resistance pattern is a minute amount very much 
regularly, the effect of acoustic material is not affected by pyrexia of a resistance pattern. Therefore, since 
the sound absorption effect is not changed, the same effect as the case where a resistor and a sound 
absorption object are formed in another location is acquired. 
[0128] 

[Effect of the Invention] The surface acoustic element of this invention is a reliable surface acoustic 
element strong against loads, such as heat, a pressure, and static electricity, through manufacture and a 
mounting production process. 

[0129] Moreover, the surface acoustic element of this invention has thickness and a uniform property, is 
excellent in endurance, is equipped with few resistance patterns of manufacture dispersion, and is both a 
high surface acoustic element of reliability and productivity. 

[0130] When an INTADIJITARU transducer and the connection pattern formed in coincidence are 
independently equipped with the resistor to which the surface acoustic element of this invention connects 
between INTADIJITARU transducers, also after losing a short circuit path in the case where the big thermal 
load and pressure load which prevent an electrostatic discharge and which cannot carry out things are 
applied, and a next cutting production process, an electrostatic discharge does not arise only by the 
connection pattern. 

[0131] the surface acoustic element of this invention — as a resistor — Ta~Si02 and Nb-Si02 etc. — by 
using a thin film resistor, about about 3 times and electrostatic, very high pressure-proofing can be obtained 
compared with the resistance link using aluminum etc. 

[0132] Moreover, by forming a resistor by the spatter, compared with the case where a spring material is 
manufactured with printing technology, or a stamping and DISUPENSUINGU technology, dispersion in 
resistance can be controlled small and the surface acoustic element of high quality can be manufactured. 
[0133] According to the manufacture method of the surface acoustic element of this invention, when an 
INTADIJITARU transducer and the connection pattern formed at coincidence form independently the 
resistor which connects between INTADIJITARU transducers before a dicing production process, a short 
circuit path is not lost by dicing. Even when big thermal loads, such as the time of loading to the envelope of 
a surface acoustic element, and a pressure load are furthermore applied, an electrostatic discharge does not 
arise. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 Drawing showing the example of the surface acoustic element of this invention roughly. 
[Drawing 2] Drawing showing reflection of a surface wave typically at the edge of a resistor. 
[Drawing 3] Drawing showing the example of the end-face configuration of the resistor of the surface 
acoustic element of this invention. 

[Drawing 4] Drawing showing roughly another example of the surface acoustic element of this invention. 
[Drawing 5] Drawing showing the relation between the resistance pattern to form and electrostatic 
pressure-proofing. 

[Drawing 6] Drawing showing roughly the conventional surface acoustic element and the manufacture 
method of equipment. 

[Drawing 71 Drawing showing roughly the conventional surface acoustic element and the manufacture 
method of equipment. 

[Drawing 8] The perspective diagram showing the example of conventional surface acoustic wave equipment 
roughly. 

[Description of Notations] 

101 .... A surface acoustic element, 102 .. INTADIJITARU transducer 
103 .... A bus bar, 104 .. A connection pattern, 105 .. Resistor 
106 .... Spring material 

401 .... A piezoelectric substrate, 402 .. INTADIJITARU transducer 

403 .... A screening electrode, 404 .. Acoustic material, 405 .. Thin film resistor 



[Translation done.] 
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v^mttia. < LmBmmoffinmm&SL c^m\± 

&$}2>fre>X-$,Z, 

[0 02 3 ] V *-^<r>mffiic£m%Bf$.Ltc±LXi> 

mmmt < LmBmm^mwim^-r hnmtu^K 
[002 4] &tc, mmjLW&i>mjLm j $>mguLmt-j:£ 



5 

mm<D&&; « & ^ & i > a 

[0 0 2 5 ] r>&*)±.i£L,tcmmVte, ttKXHtlHHC 

*> 1 > r wtt«ffi*» ^ tt*so» k j: z> mm<o mm $> s i » 

^¥5 - 5 9 6 0 9 fcJ:^¥3 - 2 9 4 0 7 

[0 02 6] cn6©»*tcj:n«. < L«tJB«KW 
^£->t*#jl 00 0*-AOJS!Sffi*^<b-rS. C 

cosinffii it i o o 0Q&m<omm$:m^2>c±f)m 

[0 02 7 ] IsfrOtefth. T;U^r:^A*>^tHiT^ 
^ ^ A^tt^tCi»***S*l»fc«). IBlOOOt 

->*fte>*Wn«ft6«CC» 0 C<Dtc&>. 
XS-CO^B, *<Df£©XfIK:*$ttStt • BE;tmm># 

[0 02 8 ] CCDct 5fcfitX^*->«0fl;Ui7;l>5 ^ 

[0029] hikkx LmBmmrjiztmtzt&in'** 

C\ 4M>JS«»4 8 0MHz, ffljfiSf«0i2 7MHzte 
K5£U SsfcfiCi^dr-XDJStAffli* 1 kQUKKRE 
Or. ©WffitSOQ. gMi2 0 0 pF^T'iI 
iSEK!»*Stlfib"C*5i. 2 0 OVgK£-Ctt»EE# 
£>0. «tu/^->^^C^^cr>] 0 0 Vfffiicit^T 

[0 03 0] BJiS<7>J:^{CC<DJ: ^ «c»«^© 

Xl > Wft*> 6 fc * StS' < * - > «^ tcffi < 0 t>T 
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6 

settee <£ o rowsatr iit^wiw**. 

[0 03 2] -r?*— >«lSXKr<Dfclfe&**ll< IMtcH 
[0 03 3] ^SO/catSfttffiJS^^-^friiDT^^ 
10 1 0 0 0^-A(DJ6ta<B€:WT^/c«)a«S^^ 

[0 03 4] «±oraS*tC*f 0-C^K¥4 - 3 5 3 1 
[00 3 5] -MW«:Wttl5«**fflC»/c«Ci/^->© 

SBS^ffiiorw, **»j->h]»jS;. **>t;>^£ 
a^*^o 

30 [0 03 6] »t^»S:fflC»rJSta^'f 

&#E»r*£ 0 «r»©**H«a4 8 0MHz 
>^:fl^C//cil^k:(i. S5 0. 5mra, iJlO. 1 mm 

[0 03 7] Bttic^*>t:>yatlS«:*ji>r4ia(0 
[0 03 8] c©J:5tc»*W«:fiefK:J:S< 

so «<D««*i»ii:"rs«iLr»ioi"r&< umzmmzm 



[0 03 9] 

S3*. ^xfi^JiuT^. ee?j. ffimm.K£<Dmni,c 
[0040] a fc*^Hj«^/i. xmxmc 

-T<n, »igtf6o#©^&l>fgtuV^->&CfA. ft 10 

M«^coKii*r£^ tltST £ C £ £ B m £ 1 Z> . 
[0 04 1] 

[plI£S?j*-f £/c&©#8] *^©5*t4^ffi-^^ 
& J: 5 K. Bf& 3 *i/c<!>& < £ h 1 *t© > S - x t> 

^h7>xf*- no £ if ^ <fc ^ oc jfjfix s txtcm 
[0042] ^tc^mMoym^mmm^t, s.mnm 20 

m £ . c ©Ett1£gfg±il£tBS:tc*tfai@£ir S J: *> KJfJ 

7^ — tf-Ra 6 J; 5 fcE^t§s«±{cffM?nfc 

ff^3n/c^{*££:PMlL;fcC i^Sii-f S„ 
[0 043] ^SCxf*©^*-^^^^^ 

— yicmmbtei^ *> itmm.*mi,xKfs.irz>jt *>ic l 

[0 04 4] Bmi&tKfov-OZ-r-i 

Y =5 > X 7 ^ - fflijiigffili A > # - ■< V> *? )\> b =y > * 

x ^ — 9- i o mm * fcti^ff 3 n * if ttsiE$©£& 

[ 0 0 4 5 ] * fc. ^WcDSfttSlffi&sRTH:. nmtt 
S1§£. CcDEmttBfeiictaStc^rfijitt^-r^iOJc 40 
Jf^3n/cii>^< £& l**©-^*-^ y^h7> 

[0 046] mmt&tnmtT a-SiO, X'BtifrZJ; 
^(CtTiJ;<, ttcTa £4 0-6 0*;1/%^WTS 
Ta-SiO, T-ffjRETi J: 5 Cc bT fc«fcl>. 

[0 04 7] ilJUgJnftttN b-SiO, J: 
5«:L,-CfcJ:< . SfcNb?:4 0-6 0tJl/ o /»gW1'S 

Nb -s i o, x-nm-r^j^^icLxh^K so 
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mmti>^y f- ? •jmmv 

mmmcmcti wmt> - > *m l f - - 
>?-rzx.mt, &?>?-m%tex&mm$me;?*> 

J; ^ <<C 2 - ~ > y 3 titc&tf(D A > ^ - ^ f h 

7^?! --9-/<af- >i^=&^-r.5<fc -5 cestui* 

[0049] rnmzwtfct hT.m£*i* v zmcj: <o 
nm-r^j^^icvx'b^K ttc. iwmism&zmftb 

XBf8.-tZ>£5icLXi><i;i,\ 

[005 0] -/>*-f ^^^h7>Xf»-t5:g 
m-fi>m.tnW^LXI,m^ Ta-SiO, S/clJN 

b-sio, t££frhte&mmmKW*Bis.-f&z.*><.c 
[ o o 5 i ] -r *mn<nn&mm$mrf-teA> 

'J 7 7'mWNl(DA > f - 7^ -r t> b 

tta*5-h(c nrnzm. § > ^ - ^ •< v- % a, y 7 > ^ 

[005 2] *%bjj«: 

[0053] s ecc^fisjPi^Ts < ommmmix. < l 
£ mmcBfs. l tc&m>* * - > £ Ji^ffi 

[0 05 4] -->A*€,t^tt-?-©^r^fS$n 

AS. iglaftr JfJlS-r S C £ tc <t *j jtm?SiC J; 
£^£"^ec'^(c< <^c-5>o 

[005 5] C CT-ffitnf*©fi. ft3t*lSJS«HZ>«!n* 
£^7tJJf«:cfc'3j?iS3n.5,©-C. sj&SKiccrRH-rs 

[0056] —77. -e<o±«c*feffi3ti*»i±i5m«saB 

^3<-r-5.C£*sjf*L^,, 

[0057] *fc«ai^(33Ptt»«©^3e£atn:^©jgse 

#iSeL/cJi^&£\ igtA(*£?*ttWM^{4g}CT*i 
*«*€»£. 5faaffiiS^©1ftiC<:Si*S^S«-rc£ 

(c^s, cm*. ?ittWf4©^gp*^©*^g»tci:tLr 
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[0 05 8] Ltc&^X&m»<Dmm&<D$>tc2>ffiffi 

J: 5 ^3 ft/c§»<D^ h 

X$>h 0 

[0 06 2] c<om. *ti?ti<D*yz?mmcBf&sti 

[0 06 4] */c % W^.W^>7 r ^>^9 J: 
0. »Ha^Ji-»HBi»ttr-5IB6ct^:#&II*fi 50 
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> * ^ ^ - v-(Dffimm.mfi±^& tbxmti&rz. 

[0 0 6 5] mftUtcJ:5rj;&mW®Bmz> 

[0 06 6] WBHStS**«RS-r4*l^«: tt. 
/c^x^Jt&ci^x h£JfJ/&U ccou^x F^vx^ 

[0 0 6 7 ] /WjBStS(**^JSSr S»^tCtt, #lxtfX 

m&teXvmm&tctji^xteK). mmmcsmi-^mm 

[0 06 8] 3 htCytiftm&TZ < L/*JB«ffi«, < L 

t mmttcBfSL l tcmm^ * - > ± izmcmmm 
m*it<ktom£k$tix^&tctb. &<Dwmj:mci6^x 
mama * * fc« -c & » «k« »@ c 6 a c » . 

[0 06 9] 

[0 07 0101 «*«98<D»1±«ffiaaR^ * 7') 
£«f €> S* tt^MiS^T 4 fH B& W^C H "C ft S . 

[0 07 1 ] CC0S»tt^ffl«*T-l 0 H*>f >£-fw 
l o 2 £ LTA^rfll tB^il'Jtc 
^tx^ti 1 ^cd-Yv^-t^^ ^^;l/h^>x-r^-*^ l 
0 2 a, 102b*Iirir^o 10 3li^-t* 

[0 07 2 ] ^i^^t'iSLtC^cf ^ ^i<DR|» 

S^lOlb, 10 1c. 10 Id, lOlek^CD 

[007 3] •JJC^ttJS'CC*. *v7YfrC<< 

1 0 4«Buai0^J;0tcBrJSb^>T< , S/c 
[007 4] **WO!WtaHSiR*-7- 1 0 1 ^rS]f a 

>f>*-fw^*M, h7>xf^- >f i o 2RS£girr 

^Xg^^EEmttSSicA^^fS- JE^<5^ 
[0 07 5] o£«3, ^X7>O^KX?1h?(T'^^>^ 



(7) 



XL 



[0 07 6 ] */c^xy^^6^^y^^KT^«m^0CS 

[0 07 7 ] mKfo 105i urwiaEK#*»isr 4 
ta{*£S 5 J: 9 CC«*ffl*0Kl>Wtttm 1 0 6 10 

tmc ztw&mwmm*<Dm&<D&{tzm< c tec* 

[0 07 9] *»(H(0»ft«fflift3R : ?-J*5««* A > * 
[0 08 0] Z<D&^> ltm.ffifo<D&mJjfolCtc^ Itfl 

[0 08 1 ] H3ttS««<DaK»*fi*r*yh«)<Dffi 

[0 08 2]*Br*©e»LT<**ft*C*#LT, ttffi 
*©Sffi»tt««Att ( a ) fcttWBtt, ( b ) ttEHB 

( c ) BAa»«. c d > \<mmtftm?z> * *> fc 

[0 08 3 ] >f >£-fw i>Z)l> h ^>^7 r ^. 

[ o o 8 4 ] a 4 tt^awouittRffiiftjR^osijo i m 

[0 0 8 5] 0Emi4»tS4 0 1 ±{c % -/>£-7^^2 
*4 0 2iLr«««#«rW14«ffi« 

^—^4 0 2a, »tt«B«£«»g#fc£»-r*fc**40 
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:C0tB^j(RiJ^>^--r ^ ^^h7>Xfa-t4 0 2 
404, *t^^L,riB^3ti£^>^-7 :r ^> J ^^h 

tn:f*4o btffltfLZ nrt^. 

[008 6] »|R«a?t#4 0 5<Dt**4tC«T a - S i O 
[008 7] -MICT a -SiO t 90fffltSfni4^f4 

c n ^(otsmm^x^ ? * »; > £ c <t 

CC«£oT\ 15mQ • cmm&cDtmiKzmmT&ct 

[o 0 8 8 ] «rfto/cJ:5K:, »«BtIBc<fc*^>*-- 

-^>X&£'£cDgt]£fc£>6 1 kQ£Lb#>oi 0 0 0GQ 
[0 08 9] L/c#oT. JKRS-rStStSftOtStSffltt 1 
[0 09 0] *fcT^5 ^ A^i*CD2im^Offil^f4 

[0 0 9 1 ] C*HCJtl>-C*S?B©5*14^ffi«3R^-C« 
iSHffittf* fc J: * - > £ Hfii L tcm^te ctW 

[0 09 2] 
[*1 3 





^- h^t <o/TD 






1 K 


10DHJ: 




1 K 


-36 | 




1 K 


-43 


BiifejjO,-*"^ X 


1 K 


-6 




2K 


-5 
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[0 09 3] 
[St2] 



[IS3] 









5 


25 


40K 


1 □ 


1 25 


4K 


1 5 


2 5 


1. 2K 


20 


25 


400 


2 5 


2 5 


1 2 0 










2 0 


20 


3K 


2 0 


20 


1. 5K 


j 20 


25 


1. 2K 


20 


3 0 


1 K 


2 0 


4 0 


62 5 


20 


60 


5 0 0 


20 


80 


375 



12£i'<2-> D.2x0.8nn 

in{*£Jfr£0Tl>& 0 $/c, tgtni*O^£2&£0. 2x 30 

/c, RuO, ^Wm^-^CCb /c^CCtJ. J»£#*# 
*gtafll#>h £ < -6 C <t &t>& Z> a C(DJz *) It 
Bf&?&i%in&omf&£Tctzmm%mB?Z> C £ tc J: r> 

[0 09 4 ] 05tiJSK^£->OW». tgSi^£-> 
->*JBSROai>l»'&CC« 1 0 0 VgKT?«^*^# < 40 

mmtmmtxvmm'i* ->z%mLtcm&mi o 
[0 09 6] m&&Vito<Dj&ti&j&± irtt^A- * y 



[oo97] mm<Dwmte^B'e$)Z> a mutto . 5 x 

0. 1 mmCDMQ#>oJ12 0. 1 u m (DjgtA^ £ - > 
[0 09 8] *fclfi«ttC^l^-C«. ffiinf*<DSJj££l,T 
/^y5f-U-h*0- 0 0 2//m/»itntf. X'*? 

[0 09 9] */cW6n/c»lB«!n*^^-->©^ft« 
[0100] W^-tf T a - S i 0 2 0>*JUit£T a ( 4 
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7%) - s i o 2 (5 3%) t&mistcm^tazntDti 

[0101] J:bffiSiffl*af<-rS«^6CW, Ta©^ 

[oio2]Nb-sio, zimmmt urm^z 

[0104] S i O, ZhMW* £<D±lCAs* 10 
[0 10 5] c<D,fc5&JJ^«:tt % «©»fb*l»±T* 

[0106] sntt*BBisaR- : F©J»^6ctt 1 ^Ba-J^ci- 
ft»w*a< , */c»jstataf*a#*s3 o o-c^x.^ 20 

[0107] H4CC»|^bfc*«?8<3[)S»t4^ffl»*^<D 
titeR*J!H>T. WM48 0MHz, 9jHfWI2 
7MHz, BEttSKttttKYN* ? hX»£tfi~*:/B? 

[0108] SBfiCMfrttTa (47%) -SiO 
, (53%) W^^A'^'Jy^lrlil/cffM 

»«J5tnL#O^»BBPfi*r^dCC0. 5 mm, 30 

swt ^MiscDess^^ w «: o . i mm, mmcomm t 4 

0. 1 5 jLt mi L>/c D 
[0 10 9] C(0t§^ 

[0110]R = p- d/(t • w ) MkQ 

ttisxm&mi&ttmzmiRLtc. serai 

[0 1 1 1 ] Si2@gg<3D^>f-^>^i^^^^>^ 40 
[oi 12] */***'J>y • Z-fv vtWtistcm 

lets:*. ttcw&mmmi+cDmnmzmm-fztftA 

[0 113] t,y^t, -tJHt. HP&Gn$Wr*ffid 

ta^swawc**. 50 
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[0114] B4«:0WLfcWtt«ffii^^Ttt t = 
0. 1 mmt'iiSffil 1 kQSSfc^, Wxtf t = 0. 0 
2mmttfttf5kQ4S5Ci^t*a. 

[0115] *«W©Wtt*B«*^©?f H«!S** ? J 
y b*? • ^■bx©^-; £ ';>^*j£T\ H;? < t ) 
40. 15wmr«RSt4^ wO*/MR*HB«0. 
OOlmmgtti&O. L/c^-?t!fi!Sfltt 1 OOkQ 
SKittS. S6«:fifiiai/»*/h3<»Sbro. 0 5 
ju m i-Tti««!nffi» 3 0 0 k QffgStitf^ Ci^ 

[0116] mm&tKmtn<DM&*:)rtt£ ur »T a 

-SiO, % N b - S i O, (DCiTncD^tCfe, Ta 

&I±i5JnfiIte2 OOmQ • cmlSt$)l laPfi^rSl 

[0117] ttc*>Hb* 6 o^SKcca^u/c^cc 
1#6ti*J:biSlaffl«5 OmQ • c mflS~C#> 0 , BBPfi 

ci^rt, Tv^vcR©»«*wie«»»oaptt« 

[0 118] »|gfitai*CCJ:0>r>^— 

[0119] ^4i[5j— <Dflte£4l,fc4 8 0MHz<D5$ 

[0 12 0] Mgi200 pF. ftWffitSOQOE I 
AJ -STD*frrKK*ltJIILfcti^ t5K^'^-> 

;l/^zi^ACDSin>'^-->4S6U/c^<Dr«DC= 2 5 
0 V?MK£ rttM£***SC bifit>fr~>tc. 

[0121] s&fc^a^oaittftffiissTSfltfiErs 
»jH«aR*fflc»fcti^«ctt7 o o v«tt*-c»^b^*a 

[0122] ^WOSitt^ffiftSR^iWittf T VCD* 

ftSffii LTJBO&Jg^ m^NTSC-USAffi© 
* ^^-C^f^affi^ I fCOi?I^2 mm 

[0123] C<&»^ iH^tKtc«R&iAfr*&&J& 
ta/<4r->*fP«UJ:5iL/c»dWt = 0. 15a 
UK d=l. 3mm^d:^w=0. 2 6 mmifti 
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4 8omhz (Dmstrnmc i k Qmmvi&inmz: 

[0124] **9B©Wtt«BiftiR : f-*S*14*ffi*3> 

[0125] 5Wt«ffiiS3R^-!J--r XK*»S3&«a< . US** 
[0126] Wx«&f£^£->£iiU&<DS9tC >J 7 h 

[0 12 7] C©tg£. Ta-SiO, H'b-SiO 

C>, * fcffiSW £ - > tC7j£n£Si£*©fc© fcjESWtC 
t* C < eSfi-C& -S^tSln^ - >©#S8Uc J: *) BS^t* 

i/ t i^it ©$?iji?ia*f§ £ n & „ 

[0128] 

[WW©***] *^W©i*tt*ffiifi^-f-«. K&. uss 

istacrj*. e*. »««&£©*««:?»<,». its 

14©iSi,»5*14affi!gJftT-T* S. 
[0129] */c*^H^©5*t4«ffi?K^««^. 1tt4 
T'itMfctcflm. i?iSii6o#©^^ci,4gta^*f 
->*«*.. fstttt. *iStt©Afe{cj(Et»!»tt*iBiSS(i 

[0130] *^©S$tt«ffijS^«. -f > * - =f 4 30 

[0131] *»BJ©?i^«®&*Ttiffitif*i LIT 
a - S i O, . Nb-SiO, ft £'©flE|gffitatt£JBt> 
£ C <i Ct J: 9 . T Jl/ S ~ 0 A£ffl I ^cffitn 'J £ (C 

tb^^3 ^fgfi<b^fcBt,»#^jifffi5rSS C £#T'£ 40 
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[0 13 2] ttc. t&tn&*X^>*m-CBl&-1rZZt 

[0133] *»«©S»tt«ffi««-7-©»a*ffiKJ:n 

h ^ > * ^ - -9- £ |3] m K. B®. s n £ / - > £ w 
SU«cflJ^-r £ C <b K: J; 9 . # V > #tc «fc 0 $St&f£Sg# s 

s c t t ». 

[HIf©tt*«cittW] 

[0 i ] *aw©aiitt«ffi««-?-©«%«wwK:*r 

So 

[02] «Ja*©«*T«BSjft©5S**«S;W«Cwr 

0. 

[S3] ^^Bj©?$tt^lr^T©fg5t(*©ffl®^© 
Pilots. 

[S4] *?HB©wtt^tta:?©8ij©mmfttc7n 

[05] JBfitr iffiJS'f f - > i »*BE©Hffli^-r 
0. 

[0 6] fc^MHi*ffi«*^4BJ:t«$B©i!i6#8;* 

[07] fitJtaosWt^ffltt^teitfSBIwiKS^* 
HBSWCc^-r0 Q 

[08] ^<Dimmmmmm.(omimmmcmrmm 

0c 

101 $m%m : &%T. 102 ^>*-fwi? 

5)1 h -5 > X ? ^ — U' 

103 /-Wt-. 104 JgiKA£->. 105 

Jgtal* 

i o 6 imtm 

40 1 KmttSffi. 4 02 ■ils*r-*f4V'Z>\, 

40 3 ->-;l-h*m&. 4 04 CR^tt. 4 0 5- 
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